concentrations: angiogenesis or vasculogenesis.
every mouse that received VEGF-producing cells. At day 11, mice appeared outwardly normal and no differences were observed between VEGF and control muscles upon dissection. However, histological analysis of frozen sections revealed that control injected muscles contained the expected needle tracks of blue ␤-galexpressing muscle fibers upon staining with X-gal (Rando and Blau, 1994; data not shown, see Figure 5 ). VEGF-cell-injected muscles also contained blue fibers, but these fibers were invariably associated with and frequently surrounded by regions of mononuclear cells visualized by hematoxylin and eosin staining (H/ and contralateral uninjected legs (data not shown). Thus, medium (data not shown). The VEGF secreted into the at day 11, the most notable effect was the presence culture medium was determined by ELISA to average of macrophages and markedly increased presence of 214 ng protein/10 6 cells/day, whereas culture supernamasses of individual endothelial cells in VEGF-expresstant from control cells did not contain detectable VEGF ing muscles. by this assay.
Formation of Hemangiomas and Large Vessels Macrophage and Endothelial Cell Accumulation
By day 24, the VEGF-cell-injected legs had begun to upon VEGF Expression in Mice swell perceptibly. Histological analysis revealed strucIn three sequential experiments, myoblasts expressing tures that appeared to be small hemangiomas that coloboth VEGF and LacZ genes were implanted into the calized with ␤-gal-labeled regions of the leg (Figure 3 ). tibialis anterior and lateral gastrocnemius of the right However, the VEGF-expressing myofibers, detectable legs of 14 mice, whereas 13 additional mice received by their expression of ␤-gal, were sparsely distributed control myoblasts expressing only the LacZ gene. Mice around the implantation site and were interspersed with were sacrificed and leg muscles were analyzed at days regions of mononuclear cells as described above and 11, 23, and 44-47 postinjection.
by blood pools typically associated with hemangiomas (Cotran et al., 1994). A physiological response to VEGF was observed in 5F ). Uncharacteristically large vessels and even larger whether the density of capillaries had been affected channels were observed that possessed an inner lining either locally or at sites distant from the site of myoblast that sometimes contained vWF ( Figures 5G and 5H) .
implantation, five legs representative of different condiNone of these effects were observed in contralateral tions and controls were sectioned and immunofluoresuninjected legs (data not shown). Control myoblasts not cently stained with the PECAM-1 antibody to label capilexpressing VEGF fused into muscle fibers and produced laries ( Figures 6A and 6B ). For each leg, 32 randomly ␤-gal as expected, with no evidence of mononuclear chosen microscope fields taken from four different cells or disruption of tissue architecture (Figures 5I and planes throughout the muscle were photographed and 5J). Of particular interest was the observation that, as the capillaries were counted in each field. Double labelat the earlier time points, an increase in the number of ing with anti-PECAM antibodies and Hoechst dye (data visible vessels was not observed in the muscle tissue not shown) confirmed that the red dots visualized by adjacent to the hemangiomas, despite the intense hy-PECAM-1 staining were not nuclei. In the legs injected pervascular activity at the site of implantation.
with VEGF cells, capillaries and fibers were counted in regions of muscle adjacent to hemangioma tissue. No Effects on Capillary Density significant difference in capillary/myofiber ratios was In previous studies as discussed above, delivery of detected in the non-ischemic muscles analyzed here VEGF has resulted in an increase in the capillary/myofiber ratio in ischemic muscle. In order to ascertain ( Figure 6C ). Serum Levels of VEGF therefore, the local concentration of VEGF was significantly higher than that measured in the systemic circula-VEGF was not detectable by ELISA in serum from day 21 by retro-orbital bleeds of four control mice and four tion the day before. mice implanted with VEGF myoblasts (limit of detection Ͻ8 pg/ml). However, when blood was collected in the Discussion same manner on day 43, VEGF was detected at an average level of 40 Ϯ 21 pg/ml in the four mice that received
We present here the novel findings that exogenously delivered VEGF can exert a physiological effect in nor-VEGF myoblasts, and was undetectable in the four control mice. On the following day, when two VEGF myomal, non-ischemic muscle, and that too much VEGF expression can have deleterious effects. In addition, our blast-injected animals were sacrificed, extensive bleeding occurred upon dissection of the enlarged legs. Blood data demonstrate that a single growth factor can lead to the recruitment and organization of multiple cell types samples were collected from the bleeding region next to the leg and the sera from these samples were assayed into complex vascular structures. It is notable that the physiological response to VEGF delivery occurred in and determined to be 230 and 159 pg/ml, respectively; encoding VEGF into the arterial wall, which sufficed to induce angiogenesis but only in ischemic muscle (Takeshita et al., 1996). We propose that this differential effect may be explained by a multiple threshold model, in which a specific threshold level of VEGF is required to One possible explanation as to why the effects in late that localized constant production of high levels of VEGF can lead to the recruitment of circulating endothenon-ischemic muscle reported here have not previously been observed is that the effects of VEGF may be doselial precursors, or angioblasts, and induce them to undergo differentiation in non-ischemic adult muscle. Sevdependent. High serum VEGF levels (200 pg/ml) were detected at the implantation site, where we observed a eral lines of evidence suggest this intriguing possibility. We show here that the initial response to VEGF expresnetwork of channels so extensive as to form a hemangioma. This effect was seen in adult muscle that was not sion in the muscle is an accumulation of isolated cells that express PECAM-1 but not vWF and do not appear ischemic. By contrast, the lower serum levels of VEGF in the systemic circulation ‫04ف(‬ pg/ml) had no effect to be connected to neighboring blood vessels. Angioblasts in the embryo and in cultured embryoid bodies on vessel number or size in adjacent or contralateral muscles, which were non-ischemic as well. 
